Radiation and certain organic chemicals, under appropriate experimental conditions, may selectively inhibit cell division but not growth of cultures of Saccharomyces cerevisiae which are in the logarithmic stages of both growth and division (Lea et al., 1937; Spoerl et al., 1954; Loveless et al., 1954) . The inhibition of cell division (multiplication) without a concommitant inhibition of growth (total culture mass) results in the formation of paired, enlarged yeast cells.
Radiation and certain organic chemicals, under appropriate experimental conditions, may selectively inhibit cell division but not growth of cultures of Saccharomyces cerevisiae which are in the logarithmic stages of both growth and division (Lea et al., 1937; Spoerl et al., 1954; Loveless et al., 1954) . The inhibition of cell division (multiplication) without a concommitant inhibition of growth (total culture mass) results in the formation of paired, enlarged yeast cells.
Although these cell division inhibitors of yeast are not recognizably related (e. g., alpha, X-, and gamma radiation, triethylene melamine, and nitrogen mustard), their biochemical effects may be similar in view of the fact that all produce the same biological effect; the formation of paired, enlarged yeast cells.
It seemed reasonable to assume that these paired, enlarged yeast cells would show measurable alterations in their phosphorus metabolism that would provide information relevant to the biochemical pathways of cell division.
This report is a study of the phosphorus metabolism of growing cultures of S. cerevisiae when selective cell division inhibition is induced by either radiation, triethylene melamine, or nitrogen mustard.
METHODS
Cultures of S. cerevisiae were grown as described previously done between 1951 and 1955. used to produce cell division-inhibited cultures by alpha radiation was that reported by Spoerl and Balske, 1953 ; X-radiation, that reported by Spoerl et al., 1954; and chemicals , that reported by Loveless et al., 1954 . Cells from a stock culture slant were inoculated into 25 ml of sterile, chemically defined media and shaken for 6 to 7 hr at 30 C. After centrifugation and washing, the cells were suspended in fresh sterile chemically defined media (1.5 X 105 cells per ml) and were grown with shaking to a concentration of 1.0 X 107 cells per ml (9.5 to 10.5 hr), except as noted. At this point the experimental cultures were treated with alpha or X-radiation or a chemical agent. Control and experimental cultures were then shaken for 4 hr (except as noted) and aliquots of the culture were removed for mass and count determinations as well as for phosphorus fractionations. Culture mass was determined by dry weights (24 hr at 105 C). Cell counts were made with a hemacytometer.
Phosphorus fractionation. The details of the method of fractionation have been previously reported (Katchman and Fetty, 1955 . These authors concluded that the selective radiation effect upon cell division is similar for controlled alpha radiation and for measured X-irradiation. Paired, enlarged yeast cells indicate that a cell separation process and a budding process are inhibited. Recovery of the budding process before recovery of the ability of the cells to separate were observed in short-term resting cell irradiations .
Statistical treatment of data. The data obtained from experiments with treatment by alpha and X-irradiation and nitrogen mustard was converted to logarithms, and analyses of variance were made on the resulting logarithms. Where percentage changes varied significantly from experiment to experiment, these variations were treated as random experimental errors, and a component of variance method was used to determine confidence limits for the true effect. Such variations occurred in the acid-soluble polyphosphate, stable and total acid-soluble phosphate fractions following alpha irradiation, and the data was treated accordingly.
The data obtained from treatments with X-irradiation were examined for differences caused by varying starting-cell concentrations as well as type of exposure (short term vs. continuous). The over-all average was computed when no significant changes were noted. Where significant For the data obtained in the experiments with triethylene melamine, analyses of variance showed that magnitudes of differences between concentrations of any given phosphorus fraction in treated and untreated cultures were independent of time of treatment over time intervals of 4, 5, 6, 7, or 8.5 hr. Therefore, the mean and the standard deviation of the ratios of the averages of duplicate concentration measurements of treated cultures to corresponding averages of duplicate concentration measurement of control cultures was computed for each phosphorus fraction, and the 95 per cent confidence limits for the true ratio were determined by means of the "t" distribution.
RESULTS
The effect of alpha radiation on the acidsoluble phosphorus fraction of yeast is recorded in table 1. There is a decrease in the orthophosphate fraction and an increase in the pH 4.5 acidsoluble polyphosphate fraction, residual labilephosphorus, and total acid-soluble fractions. No change is found in the stable-phosphorus fraction or in the total cellular phosphorus. Although not recorded in the other tables (2, 3, and 4), in all the experiments carried out, the total cellular phosphorus for treated cells never varied significantly from 100 per cent of the controls. This would indicate that changes in intracellular phosphorus arise from metabolic alterations rather than from leaching. However, it is recognized that if small amounts of a metabolite were leached, it would not be detected by the analytical methods used (chemical or statistical).
It should be pointed out, also, that these experiments were carried out before it was shown by Katchman and Fetty (1955) (88) (89) (90) (91) (92) 121t (115) (116) (117) (118) (119) (120) (121) (122) (123) (124) (125) (126) (127) 122 96t (92) (93) (94) (95) (96) (97) (98) (99) (100) 4-hr treatment 127t 70t The purpose of the experiments with longer than the standard 4-hr treatment time was to determine whether extended treatment for 5, 6, 7, and 8.5 hr would produce more pronounced effects than at 4 hr. Column 4, the over-all average, YEAST CELL DIVISION AND PB shows the data for those fractions which showed no change for 4-and 5-hr treatments; single experiments at 6, 7, and 8.5 hr were in agreement with the 4-and 5-hr treatment data and are not presented for reasons of simplicity. The remaining fractions showed changes with treatment time, and the respective 4-and 5-hr data are listed in the appropriate columns. Treatment beyond 5 hr did not produce any significant changes in the RNA-phosphorus fraction. Actually, the 6, 7, and 8.5 hr data showed responses equivalent to the 5-hr level. This is of extreme interest for the DNA-phosphorus fraction, since no effect was shown at the 4-hr treatment. Significant DNA-phosphorus, the increase in residual labilephosphorus, and a "no change" in lipid-phosphorus should be considered in this category also. The decrease in orthophosphate, insoluble polyphosphate, and DNA-phosphorus, as well as the increase in residual labile-phosphorus, most likely represents specific effects of cell division inhibition. Thus, the uniform morphological changes brought about by specific cell division inhibition are reflected in the regularity of alteration found in phosphorus metabolism and imply a causal relationship.
The increase in stable-phosphorus recorded for triethylene melamine is, at best, marginal, and since there were no changes in all other treatments, it may represent a nonspecific effect not associated with cell division inhibition.
The pH 2.5 acid-soluble polyphosphate fraction shows increases with alpha irradiation and nitrogen mustard treatment. The increase with X-irradiation under continuous exposure with high starting cell concentration is again, at best, marginal. It would appear, then, that for X-irradiation and triethylene melamine treatments, there is no change in this fraction. The increases in this fraction with alpha irradiation and nitrogen mustard may be considered as nonspecific or side effects not associated with cell division. 
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It is not surprising that the RNA-phosphorus and lipid-phosphorus fractions are found to be constant in these cell division inhibited cells. It has been shown by Spoerl and Balske (1953); Spoerl et al. (1954) ; ; as well as from our own experiments, that cell division inhibition may be produced with little or no loss in culture mass. Therefore, if RNAphosphorus is functionally related to protein synthesis and lipid-phosphorus a measure of fat metabolism, one would expect to find no changes under the experimental conditions as outlined above. The separation of growth from cell division processes manifests itself not only in the changes in the phosphorus metabolism, but also in the fractions which showed no change.
The decrease in DNA-phosphorus in these experiments is further documentation of the unique role which this material plays in cellular processes and its sensitive position in cell division processes. Similarly, the decrease in orthophosphate is not surprising in view of its potential as a rate limiting factor in biochemical transformations.
Of most immediate interest is the decrease in insoluble polyphosphate and the increase in residual labile phosphorus. The residual labile fraction is likely to contain such compounds as tripoly-and trimetaphosphate (Ebel, 1952; Kornberg and Kornberg, 1954) ; tetraphosphate (Ebel, 1952) ; as well as certain labile organic phosphorus compounds such as adenosine triphosphate (ATP), adenosine diphosphate (ADP), deoxynucleoside, di-and triphosphates, etc. Pyrophosphate is not normally found in aerobic yeast cultures (Ebel, 1952; Katchman and Fetty, 1955) , but would be found in this fraction if it were a product of the build-up in division inhibited cells. The phosphorus concentration of this fraction is, therefore, a function of the concentration of high-energy phosphate content of the cell.
The insoluble polyphosphate fraction in normal yeast is most likely made up of linear polymers of orthophosphate with a chain length between 60 to 80 monomer units (Katchman and Smith, 1958) . A relationship between insoluble polyphosphate synthesis and change in generation time of normal growing cultures of yeast was shown by Katchman and Fetty (1955) . In this paper, it is demonstrated that the insoluble polyphosphate is functionally involved in cell division inhibition.
It has been reported that the synthesis of polyphosphate from adenosine triphosphate can take place enzymatically (Yoshida, 1953; Kornberg et al., 1956b (Wiame, 1949; Wintermans, 1955; Katchman and Fetty, 1955; Sall et al., 1956; Winder and Denneny, 1956; Mudd et al., 1958) . However, no mention is made of the enigma that exists because the acidsoluble polyphosphates, which have been demonstrated to be metabolically inactive, have as much a potential capacity to serve as an accumulator of phosphorus and energy as does the insoluble polyphosphates. Thus, chemically, there is no a priori reason to explain the observed differences in biological activity. It is germane to point out that the physical properties of the polyphosphates of different chain lengths may differ sufficiently to account for differing biological activity. Theoretical considerations, as well as recent experimental data obtained in our laboratory, lead us to suggest again (Katchman and Fetty, 1955; Katchman and Smith, 1958) that the polyphosphates might function as growth and division regulators by controlling the availability of essential cations; the cations may be inorganic in nature, K+ for example, or may be cationic forms of complex organic metabolites. These considerations are in no way contradictory with contemporary concepts as outlined above, but attempt to focus attention upon aspects of the problem which have been seemingly neglected.
The increase in the pH 2.5 acid-soluble poly-phosphate fraction, though not considered here to be related to cell division inhibition, is an interesting enough observation for speculation. It has been shown (Juni et al., 1947; Wiame, 1949; Katchman and Fetty, 1955) Malmgren, 1948, 1949) . These enzymes are not phosphatases, as they degrade internal P-O-P linkages and not the terminal linkages; the result of fission of internal linkages is to produce shorter chains, in contrast to the phosphatases, which produce orthophosphate by fission of terminal linkages.
It has been shown (Kornberg et al., 1956a) 
